SUMMARY The incidence, duration, and type of apnoea were determined in 28 preterm infants born at 27 to 34 weeks' gestation, using polygraphic records of abdominal breathing movements and nasal airflow. Of the 1520 episodes of apnoea of 10 or more seconds duration, 1002 (66%) lasted 10 to 14 seconds, 311 (20%) lasted 15 to 20 seconds, and 207 (14%) lasted more than 20 seconds. Overall, 69% were central in type, 20% were mixed, and 11% were purely obstructive. With increasing duration of apnoea, the proportion of episodes of central apnoea decreased (69 to 29%) while that of mixed apnoea increased (20 to 60%). Eight infants had obstructive apnoea of more than 20 seconds duration. When they were compared with the 10 infants of similar gestational age and birthweight who had central or mixed apnoea, they had a higher incidence of intraventricular haemorrhage, hydrocephalus, positive pressure ventilation via an endotracheal tube, and abnormal neurological development during the first year of life.
Prolonged apnoea, with or without bradycardia and cyanosis, occurs relatively frequently in preterm infants. Clinical studies have established that the incidence of recurrent episodes, as detected by clinical monitors, increases with decreasing weight' and gestational age at delivery,2 and this has been related to neural immaturity of the brainstem.3 In some infants, the severity of apnoea has been related to various clinical disturbances such as infection, hypoglycaemia, and hypoxaemia. 4 The precise pathophysiological nature of each apnoeic event, however, is still under investigation.
For some time it has been thought that these events are due to an intermittent cessation of respiratory efforts (central apnoea) and that they may represent an extension of the commonly observed periodic pattern, with its frequent brief pauses in breathing.' 5As recently reviewed by Thach,6 simultaneous measurements of both air flow and breathing efforts have shown that some episodes are due to transient upper airway obstruction. Opinions differ, however, as to whether obstructive or central apnoea is the most common type observed.
To explore this further, we studied the interrelation between apnoea duration, apnoea type, and neurological status of preterm infants.
Methods
Polygraphic recordings on 28 infants born at less than 35 weeks' gestation were performed between January 1982 and October 1983. This was a selected group of infants, since clinically apnoeic infants, particularly those who seemed to have obstructive apnoea, were chosen for study. Gestational age was assessed from maternal menstrual history or an ultrasound scan before 20 weeks' gestation. If neither of these was available, a Dubowitz assessment was performed.7 The mean gestational age was 29 5 weeks (range 27 to 34 weeks) and the mean (SD) birthweight was 1-27 (0.35) kg. The sex ratio was 1.
Recordings were made on a 4 channel Grass polygraph at postmenstrual ages of between 28 and 44 completed weeks. Fifteen of the 28 infants underwent longitudinal studies beginning within the first 10 days of life (or within the first 10 days after extubation) and then every two to four weeks while they continued to have episodes of apnoea. Sixty three recordings with a total duration of 242-8 hours were analysed. The mean total duration of recordings analysed for each infant was 8-6 hours (range of 2-8 to 20-5 hours). The mean duration of each individual recording was 3-9 hours (range of 1-5 to 8 hours). 953
Studies were carried out in the newborn nursery, in the infant's usual environment while all support therapy was maintained, including monitoring and thermal control. During the recording, the baby was lying on its side with a 5 FG orogastric feeding tube in situ. Some of the infants on whom longitudinal recordings were being made were in a cot without a gastric tube for the last study. Beat to beat heart rate was recorded from the electrocardiogram leads via a Grass-7P4F tachograph, abdominal breathing movements were measured with a mercury in rubber strain gauge, and nasal airflow was detected using a thermistor in the upper nostril. The baby was continuously observed throughout the recording and these observations were marked on the polygraph.
Ten babies were being treated with theophylline at the time of some recordings, and 15 were being given oxygen treatment via a headbox. Since neither of these treatments seemed to alter the type of apnoea, the data for each infant were pooled.
Intraventricular haemorrhage occurred in seven babies, and was diagnosed either on clinical grounds in three (association of general collapse, abnormal neurological signs, and a rapid fall in haemoglobin) or by head ultrasound using a sector scanner in the remaining four.
Within 24 hours of the polygraphic recordings, a brainstem auditory evoked response was elicited by an Amplaid Mk4/8 system signal processor. The method has been described in detail elsewhere.3 The response was graded as either abnormal or transiently abnormal, or normal, based on wave form and threshold measurements. In 26 infants, neuromuscular development was assessed longitudinally during the preterm period, by a physiotherapist (JL) who was unaware of the results of the polygraphic study. The neurological assessment method was one adapted for preterm infants from that of Prechtl.8 At follow up, motor development was evaluated by both a paediatrician and a physiotherapist. Apnoea was defined as a cessation of nasal air flow of 10 seconds or more. A distinction was made between three types of apnoea. Central apnoea was defined as a cessation of both breathing movements and nasal airflow (Fig. 1) . The end of the apnoea was defined as the resumption of two or more breaths on the nasal flow trace within three seconds. Obstructive apnoea was defined by a cessation of nasal flow with continued breathing movements (Fig. 2) . Apnoea was classified as mixed if there was a combination of central apnoea with at least three obstructed breaths (Fig. 2) . The episodes of mixed apnoea were divided into two types, mixedobstructive if predominantly obstructive and mixedcentral if predominantly central. Episodes of generalised body movements which were accompanied by appreciably diminished airflow, uncoordinated breathing movements, and acceleration of the heart rate were excluded from analysis (Fig. 3) .
Statistical comparisons of means were carried out using the 2 sample Student's t test, and proportions were evaluated with the Fisher's exact test for small numbers and with the Z test or %2 test for larger numbers.
Results
A total of 1520 episodes of apnoea with a duration of 10 or more seconds were recorded. The duration of apnoea was 10 to 14 seconds in 1002 (66%), 15 to 20 seconds in 311 (20%), and more than 20 seconds in 207 (14%). Overall, 1055 episodes (69%) were of central apnoea, 205 (13%) were mixed-central apnoea, 100 (7%) were mixed-obstructive apnoea, and 160 (11%) were purely obstructive in type. Both overall, and at each duration, episodes of central and mixed apnoea were more common than purely obstructive ones (P<0*001 in each case). In each Fig. 1 Fig. 4 The incidence ofapnoea ofdifferent types at each apnoea duration.
As shown in Fig. 4 , central apnoea predominated (81%) in the 10 to 14 seconds group. There was a highly significant decrease in the proportion of central apnoea with increasing apnoea duration (P<0001). Conversely, mixed apnoea predominated (60%) in episodes of greater than 20 seconds duration, and there was a highly significant increase in the proportion of these episodes with increasing apnoea duration (P<0*001). The proportion of obstructive apnoea remained about 10% for each apnoea duration.
When babies were grouped according to type of apnoea in episodes lasting more than 20 seconds (Table) , 10 had not suffered such a lengthy episode during the recordings, 10 had central or mixed apnoea, and eight had an obstructive pattern (at least one purely obstructive episode greater than 20 seconds). The first group were of greater gestation and birthweight, and therefore were not comparable with the other two groups. Statistical comparisons between the 'obstructive' group and the 'central and mixed' group, showed that there was no significant difference in gestation or weight at birth, theophyl-80- In the present study episodes of purely obstructive apnoea were the least common at each duration. As a group, infants with obstructive apnoea of more than 20 seconds duration had evidence of neurological abnormality (Table) 
